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Hydro-optical Investigations on the R/v Vitiae

The fundamental problems for the hydro-~optiosl investipations
conducted on R/V Vitiaz are the following:

2+ A study of the optical characteristios of the aquatic masses

in the Pacifio Ocean.

be Inveatigation of the relation between optioal characteristics

and hydro-biolorical factors in diverse regions.

ce Study of the reletionships between the warious faetors

causing the attenuation of radiant energy in the sea.

de Further elaboration and perfection of the methods for oceanic

hydrophotometric measurements.

The determination of optical charscteristiocs of water during the
time of the expedition is done by direct messurements, ss well as with
samplings of water taken with the aid of bathomsterse The merit of direct
measurements is evident, but the use of instruments, connected to the vessel
with a cable, is of course limited by depthe Memsurement of water sanmp les
oan be oarried cut at any depthe During the studies of R/V Vitiaz in deep
oceanic depressions (Japanese, Tdszu-Borinska, Tongs, Kermadek) optiocal
characteristics were determined in depths raging up to 9,000 meters. While
laboratory messurements are lirited to the few levela sampled, direct
‘etermimmtion, especially with a self-registering recorder, mey be conducted
in deep waters as often as is desired. This rmkes it possible to detect
thin layers of & high degree of turbidity, usually coinciding with soattered
layers of (mineral?) denssty or with leyers of maximum comtent of phytoplankton.
In this manner hoth methcds, direot and laboratory measurements, are mitually
complementary, and during the studies ocarried on from Vitias were employed

jointly.
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Hydroeoptioal measurements ccnasist in the determination of a
whole complex of physicel characteristios: the spectral trensparency of
water, its speotral indication of lirht scattering, the coefficient of the
diffused reflection of the ocean, the indicator of vertical attenuation, and
the characteristic polarization of ligrht during its dispersion in sea water.
The horizontal samplings for leboratorr measurenents are selected on the
besis of vertioal stratificetion of water in varving regions.

I. Hydro~optical apparatus
8. Photosleotrical instrument for measuring transparency. W '

The instrument constitutes a gero-differential photometer whioh
serves for meagsuring the transparency cof water to white light, as well as
in five narrow bands of the visible part of the spectrume The photo elements
in the instrument are antimony~caesium tubes, one of whioch 18 for reference
and the other for measurements. The basic purpose of the instrument is
direct measurement of transperency of the water at depths ranring up to
180=-200 meterss Besides this, the construction of the instrument permits
measuring the transparency in samplings of water, the volume of which is
only 500 emS,

The deviece oonsists of an immersed and an uncovered part, connected
with each other by a cable. An optical sketch‘of the instrument is presented
in 1llustration I. In the immersed part is found the source of artificial
light, photoelements, and are mssembled the optical and part of the electrioal
set~up of the instrumente The part which is above tle water consists of
the supply equipment, the registering device, amplifier-transformer, and the
control device. An electric potentiometer, potentiometer EPP-09, whioh has
proven its worth in sea conditions during the studies, is used as a

registering device.
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As a preliminary, the instrument is calibrated with the help of
standardized neutral filters, and the readings on the registering device
corresnond with the coefficient of the passape of & layer of water 1 meter
thiok, thet is to say with its transparencys The device sssures measurements
of the transparency cf water with ristakes no higher than 0.01.

bs Photoelectrical underweter photometere

The ap;arntus {s intended tc measure the illumination from netural
light at ocean depths verying from O to 150 meterse The $llumination of the
surface layers is measured from atove, that is to say by means of light
spreading from the surface dowrwerd into the sen, and from below by means
of lirht coming from the deeper layers to the surface of the ocean. The
measurements of illumination from above are conducted in white lirht, as
well as in three bsnds of the visible part of the spectrums The lipht
filters, placed into the device for this purpose, should be as similar as
possible to standard filters, recommended for hydro-optiocal investigsations
by the Internetionel Council in Copenhagen for studies of the ocesn.

The apparatus comsists of an underwater section and of a reristering
device, connected with emoh other by a cables Into the underwater part are
placed five transmitters, for which are used selenium photoelements with
a awitohing devices A potentiometer (EPP-09) is employed as the registering

device.

te Spectrsl hydro-nephelometer. —+* .

The device is iu the form of a visuul photometer, which is intended
to measure in the vessel's laboraiory the characteristic ocurves of the
soattering of light in weter, its spectral trsnsparency, and the degree of
polarization of light in the watere. The prinociple of the instrument‘'s

action is based on & comparison of the brightness of the light transmitted
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or scatiered by water with the nreviously known brightness of a standardized
nlate of milky-colored glass. A basic design of the apparstus is presented
on illustration I7. The neasurement of brirhtness of the scattered light is
assured at any anple ranring from 0.5% to 144°, Besides this, the nomsibility
of memsuring lifht, soattered at an anrle of 180° to the falliny ray, is
foreseens Measurements of transparency and of the scattering of lisht can
be conducted in white light, as well as in six narrow hands of the visible
part of the spectrum.
de Towable tranaparercyv metere

Tn order tc mnke nogsible t:e continual measurement of the
transparency of the water from the surface layer during the movement of the
shin, a device for wmeasuring trensparency was constructed which wa: oapatle
of beirg towed - an objective ~rojector in which the lirht flow from the
anurce of artificial lirhting 4s vecelved by & cadmium photoresistor, after
the passare of a layer of water 1 meter thicke The signal from the photo-
resigtor is transmitted by cahle to the registering device, a self-registering
rotentiometer PS-le

I« S8ome results.

Curves of the wertiocal distribution of transparency were ohtained.
A fow pgraphs are presented on illustration IIT as an example. On the vertiecsal
axis depths are indicated in meters, and for the horiszontal axis the
attenuation coefficient t’ ir reciprocal meters. Station 4096 relates to
subtropical waters, station 4070 to the aquatic mmsses of the Northern Pacifioc
current, and station 4138 to sub-arctic waters. The correlation is noted
between the largest gradients of transpareney of water with layers in which
o sudden change has occured in temperature, determined with the aid of an

electrie bathythermographe The curves of temperetures are pletted on these
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graphs with dotted lines. GStrata with sharp changes in transparency are
oorrelated with a stratum in which a sudden change in temperature has
ocourred. Ffections of the vertical distribution of trensparency were
oonstructeds The section on the meridian 176° West longitude is o esented
or illustration IVe Quite characteristic appears to be the zone of a high
degree of transparency between 41° and 45° Northern latitutde, coinciding
with the aquatic mass of the North Pacific ourrents The iso lines of
transparency determines sufficiently clearly the borders of the squatic
masses.

Neasurements of underwater illumination have permitted to form &
better idea about the nature of the attenuation of the sources of natural
readiation with depth and to determine important optical charscteristics:
the index of vertical attenuaetion and the coefficient of the diffused
reflection of the sea,

A mamber of characteristic curves of light diffusion have been
obtained, characterizing the conditi~nas poverning the diffusion of lipht in
various aquatic masses. Indexes of scattering were computed by measurements
at differemt angles / aoccording to the indications on the diffusion
meter ég.

The comp rison of the curves of vertioel distribution of turbidity
(#,) snd of the curves of the relation hetweer rhotosynthesis and the
concentration of photoplankton (F) showed their almost complete identity
(1llustration V)s The seme similarity was found to exist between turbidity
(+.) and the contents of ritrates (M), the distribution of which is connected
with phytoplankton (illustration VI)a

The studies on Vitlar have offered an opportunity to ;eveal some
deficiencies in the measuring apveratus, which will be corrected or modified

in *he construction of new instrumerts.
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Illustration 7. An optical sketch of the photoeleotrical transparency-meters

1 - source of artificial lirht
2 = mirror

3, 7, 3, 10, 17, 14 - le-ses
4, 8, 11, 1% « areratures

5 -« heat absorbing rless

6 - comparison photoelement

16 ~ measuring phttoelement

16 =« light filters

Illustration IXI. Theoretical sketch of & hydroe-nephelometier SCI=-57.
As seen from the side
As seen from above

- water samrle (?)

~ ohjective of the lirhter

- aperture

- lens

source of the lirht

- graduated nlate

- objestive of the photometer
- mirror in form of knife (krife-edpe mirror)
- lonses

10 « light filters

11 -« exit pupil of the orifice
12, 13, 14, 17 - milky plass

15 ~ photometer lawmp

16 « reading drum - colibrated
18 « aperture

19, 20, 21 - oalibrating lightfilters
22 - milky plass

23 - ammlyzer

24 - polariger

26 -~ spherical mirror

26 - storage batiery

27 = rheostat

28 - amperemeter

29 = voltmeter

3C - switch

D DI DLIN
§

Illustration I77s Curves of the vertical distrihution of turbidity and
temperature

a) station 4070 / aquatic mass of the Yorthern Pacific current
b) stetion 4096 / sub-tropical weters

c) station 4138 / sub-arotic weters
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Tllustration IV,

Tllustration V.

Illustration VI

T

Distribution of water transparenoy of s section on the
meridian 176° west longitude.

Verticel distribution of turbidity (index of weakening
in reciprocal meters) and photoplankton in percentages of
coutent in Liie uppermost layer at atation 4066
sub=arctical waters.

x
Vertical distribution, of turbididty (index of the /
wealening in reciprocsl weters) and contents of nitrites
in micrograms per liter at stations 4120 subearctical
waters and 4096 sub=-tropical waters.
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